Cooperative folding of tau peptide by coordination of group IIB metal cations during heparin-induced aggregation.
The group IIB elements, especially Cd(II) and Hg(II), are increasingly considered as potential environmental neurotoxins. This study demonstrates that the Alzheimer's tau fragment R2, corresponding to the second repeat of the microtubule-binding domain, can bind to Zn(II), Cd(II) and Hg(II). Isothermal titration calorimetry experiments suggest that the most likely coordination site is the thiol group of Cys291, and this is further confirmed by a control experiment using a C291A mutant peptide. Circular dichroism spectrum reveals that the coordination of group IIB cations, especially Hg(II), can induce pronounced conformational conversions in natively unfolded R2, from random coil to other ordered structures. ThS fluorescence assays and electron microscopy indicate that the group IIB cations promote heparin-induced aggregation of R2, giving relatively small R2 filaments. The efficiency in promoting aggregation, as well as inducing conformational conversion, varies strongly with the cation's polarizability. Based on these results, a model is proposed in which the cooperative folding of R2 through cross-bridging of group IIB cations is suggested to be a key factor in promoting aggregation, in addition to the effective neutralization of coulombic charge-charge repulsion by heparin, the poly-anion inducer. Our results provide clues to understanding the potential pathogenic role of group IIB metals in the development of neurofibrillary tangles, a typical hallmark of Alzheimer's disease.